T he existence of a cell surface receptor, now known as the macrophage scavenger receptor A I/II (MSR-A), was inferred from early studies based on ligand binding analyses. Description of this binding activity, with acetylated low density lipoprotein (LDL) used as a ligand, was important because it provided a mechanism for the formation of foam cells in vivo and because the activity of this receptor was not downregulated by expanding cellular cholesterol stores as had been recently shown for the LDL receptor. The presence of acetylated LDL receptor binding activity, predominantly on macrophage-type cells, helped to underscore the importance of the macrophage in atherogenesis and stimulated further investigation of macrophage function in the vessel wall. The description of this activity also helped to fuel investigative efforts to identify a potential in vivo ligand, and the various forms of oxidized LDL were soon suggested as physiological ligands for this receptor. Thus, the MSR-A has already shaped investigative efforts into the mechanisms of atherosclerosis. Now that MSR-A has been cloned, attempts to further understand its role in atherogenesis with the use of mice deficient in its expression have been undertaken.
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An early report by Suzuki et al 1 demonstrated that compared with control apolipoprotein E (apoE)-knockout mice, mice with macrophage scavenger receptor A I/II (MSR-A) deficiency, on an apoE-deficient background, exhibited a 60% decrease in lesions; this observation was consistent with a proatherogenic role for this receptor in vivo. There were a number of surprising findings in their study. Even though acetylated LDL degradation by macrophages was reduced substantially, there was no difference in the metabolism of acetylated LDL in vivo. In spite of this, the plasma cholesterol level in double-knockout mice was higher than in apoE-knockout mice. These double-knockout mice were also found to have increased susceptibility to infection, and the macrophages from these mice displayed defective adhesion in vitro. Finally, it was noted that the lesions of doubleknockout mice still contained macrophage-derived foam cells, indicating the involvement of other macrophage scavenger receptors in foam cell formation.
In a subsequent report, the effect of eliminating MSR-A expression was examined for atherosclerosis in an LDL receptor-deficient background. 2 Double-knockout mice in that study showed a significant decrease in lesions; however, this decrease was smaller than that reported previously (Ϸ20%). In still another study, the effect of MSR-A deficiency was examined on atherosclerosis in the apoE Leiden transgenic mouse fed a high fat diet. 3 In that study, there was no decreased lesion formation as a result of MSR-A deficiency. In fact, lesions actually tended to be larger and somewhat more complex in the apoE3 Leiden/MSR-Adeficient animals. As a result of the above reports, it has been suggested that an antiatherogenic role of the MSR-A depends on the mouse model used to provide the atherogenic background and that an interaction between MSR-A and apoE, perhaps in modulating macrophage cholesterol homeostasis, is a modifying factor.
A recent study by Babaev et al 4 in this issue of Arteriosclerosis, Thrombosis, and Vascular Biology provides new and important information regarding MSR-A involvement in atherogenesis. In their study, the authors used MSR-Adeficient mice on a C57BL/6 background challenged with a butterfat diet. The MSR-A-deficient mice had Ϸ60% less atherosclerosis. The authors then repeated this observation with use of the C57BL/6 diet-induced model but with the transplantation of MSR-A Ϫ/Ϫ or MSR-A ϩ/ϩ fetal liver cells into lethally irradiated recipients. They again noted a substantial and significant decrease in atherogenesis in the animals receiving the MSR-A-deficient cells. In yet another approach, the authors used fetal liver cells transplanted into LDL receptor-deficient mice on a high fat diet. Using this model, they again demonstrated a substantial and significant decrease (again Ϸ60%) in lesion formation in the mice receiving the MSR-A-deficient cells. On the basis of these results, the authors conclude that MSR-A expression in macrophages significantly contributes to atherosclerotic lesion formation and that a mixed genetic background in animals may have contributed to the smaller effect on atherosclerosis previously reported in LDL receptor Ϫ/Ϫ mice and to the absence of effect previously reported in apoE Leiden transgenic mice. More specifically, they point out that the mating of MSR-A-deficient mice (129/ICR) with LDL receptor-deficient mice (129/C57BL/6) or apoE Leiden mice (C57BL/6) produced hybrids that likely differed in the segregation of loci for atherosclerosis susceptibility. 4, 5 There are several issues to be considered in integrating these new observations. As the authors suggest, 4 the issue of genetic background can be an important source of unpredictable and/or inconsistent results in studies using transgenic or gene-targeted mice. This issue has been recently reviewed in Arteriosclerosis, Thrombosis, and Vascular Biology. 6 For atherosclerosis studies, the issue of genetic variability can be separated into distinct considerations. Because mice do not spontaneously develop atherosclerosis, a common study design begins with a mouse strain genetically manipulated to produce atherosclerosis. Atherosclerosis-prone models are produced on mice of different genetic backgrounds, and these variable backgrounds are a potential source of inconsistent results. To investigate the involvement of a specific gene in atherogenesis, these atherosclerosis-prone mice are usually mated to another strain of mice, deficient in the gene of interest. An important question for the generalization of the results of such studies is whether the experiment has been designed so that (single knockout or transgenic) control mice (ie, the proatherogenic model) are genetically identical to the experimental mice (bearing the new deletion on the atherogenic background) in every way except for deletion of the gene of interest. The next issue is the nature of the proatherogenic manipulation itself. It is entirely conceivable that manipulating the expression of a specific gene might have different effects on atherosclerosis depending on the mechanism and potency of the proatherogenic milieu selected for study. Again, the study by Babaev et al 4 helps to deal with some of these complexities, as noted by the authors. An important advantage of their present study is the examination of 2 different proatherogenic models, a diet-induced C57/BL6 and an LDL receptor-deficient model. Consistent results were obtained between these models. Furthermore, the use of the transplant approach provides potential advantage with respect to eliminating genetic background variability. By transplanting cells from engineered donor mice into genetically homogeneous hosts for experimental comparisons, potentially confounding genetic factors expressed in the donor animals (but not expressed in the transplanted cells) are eliminated. Therefore, the authors convincingly demonstrate the involvement of MSR-A in atherogenesis.
As the present study of Babaev et al 4 shows, many confounding issues that could contribute to unpredictable and/or variable results in mouse atherosclerosis studies are amenable to experimental elimination. In fact, with a systemic approach, the use of well-characterized and genetically distinct lines of mice can be used to advantage to identify modifier genes for atherosclerosis. Such an approach has been proposed for investigating the large differences in atherosclerosis observed in apoE-deficient C57BL/6J mice compared with apoE-deficient FVB/NJ mice. 7 Furthermore, the use of multiple proatherogenic models, when the influence of a specific gene of interest on atherogenesis is evaluated, facilitates the generalization of conclusions if the results are consistent across models. Results that differ between models can be mechanistically informative and lead to the generation of hypotheses dealing with more subtle and complex issues regarding the effect of a specific genetic manipulations on atherogenesis in the mouse.
One of these more complex issues relates to the temporal effects of genetic manipulation on atherogenesis. Babaev et al 4 also raise this issue by suggesting that MSR-A may assume a greater role in atherosclerosis with prolonged exposure to a high fat diet, which was used for 30 weeks in their study. Temporal issues could also interact with the potency of the proatherogenic model to influence results. These considerations could perhaps be related to recent observations regarding deletion of the expression of another scavenger receptor-the class B scavenger receptor, CD36. Mice deficient in both CD36 and apoE expression were shown to have significantly less atherosclerosis than mice deficient in apoE expression alone, when they were examined at 12 weeks. 8 That important study clearly demonstrated a significant role for CD36 in in vivo foam cell formation. However, the accompanying editorial pointed out that CD36 deficiency in a human Japanese population appears to be associated with an increased risk of coronary heart disease. 9 Although the latter observation cannot be definitive for a cause-and-effect relationship in humans, how could a potential discrepancy such as this be accommodated? As suggested by de Winther and Hofker, 9 it remains plausible that scavenger receptor activity and uptake of modified lipoproteins by macrophages may be beneficial in the setting of less potent and acute atherogenic influences.
Finally, even with appropriate precautions and controls, the pleiotropic effects of altering the expression of specific genes may always give rise to unexpected phenotypes in genetically engineered mice. For example, in the present study of Babaev et al, 4 there was the unexpected observation that mice reconstituted with MSR-A Ϫ/Ϫ macrophages had significant increases in body weight compared with those reconstituted with MSR-A ϩ/ϩ macrophages in response to a high fat diet. The authors hypothesize that this could be due to the redirection of modified LDL (shown to be a ligand for the peroxisome proliferator-activated receptor-␥ [PPAR-␥]) to adipocytes, where it could stimulate adipogenesis. However, this very reasonable hypothesis leads to another hypothesis that directly bears on the reduction of atherosclerosis shown in the present study of Babaev et al. It has recently been shown that treatment of LDL receptor-deficient mice on a high fat diet with PPAR-␥ ligands substantially suppresses atherosclerosis. 10 Approximately 60% to 80% reductions in lesion area were observed in male mice, and a direct effect of PPAR-␥ ligands on the artery wall was considered a potential mechanism for this substantial antiatherogenic result. Could accumulation of ligands for PPAR-␥ in the vessel wall of MSR-A Ϫ/Ϫ mice, or even CD36 Ϫ/Ϫ mice, have contributed to the suppression of atherosclerosis seen in these animals?
